SUMMARY: The annual cycle of plankton was studied over 14 years from 1984 to 2000 at a coastal station in the Gulf of Naples, with the aim of assessing seasonal patterns and interannual trends. Phytoplankton biomass started increasing over the water column in February-early March, and generally achieved peak values in the upper layers in late spring. Another peak was often recorded in autumn. Diatoms and phytoflagellates dominated for the largest part of the year. Ciliates showed their main peaks in phase with phytoplankton and were mainly represented by small (< 30 µm) naked choreotrichs. Mesozooplankton increased in March-April, reaching maximum concentrations in summer. Copepods were always the most abundant group, followed by cladocerans in summer. At the interannual scale, a high variability and a decreasing trend were recorded over the sampling period for autotrophic biomass. Mesozooplankton biomass showed a less marked interannual variability. From 1995 onwards, phytoplankton populations increased in cell number but decreased in cell size, with intense blooms of small diatoms and undetermined coccoid species frequently observed in recent years. In spite of those interannual variations, the different phases of the annual cycle and the occurrence of several plankton species were remarkably regular.
INTRODUCTION
Current views about the functioning of marine pelagic ecosystems are based on the conceptualization and generalization of patterns observed in different areas (Sverdrup, 1953; Mann and Lazier, 1996; Longhurst, 1998 and references therein). The existing paradigm for temperate latitudes is a bimodal distribution of autotrophic biomass, with a spring bloom at the start of thermal stratification of the water column and a second bloom during early fall, when the inversion of the buoyancy flux causes the deepening of the seasonal thermocline (Longhurst, 1998; Cebrián and Valiela, 1999) . Zooplankton peaks driven by food availability would follow and control phytoplankton biomass. This broad simplification is contradicted by several cases of inconsistencies. As an example, in the Mediterranean Sea a bloom in winter, prior to the thermal stratification, is a quite widespread event (Travers, 1974; Estrada et al., 1985; Duarte et al., 1999) . Especially in coastal and shelf waters, plankton abundance and species composition are characterised by a very high degree of spatial and temporal variability. This reflects the variety of terrestrial and offshore as well as atmospheric forcing and internal biological processes to which these boundary areas are subject. The overall complexity also explains why, despite the establishment of a small set of paradigms, no simple and wide-ranging rules have been agreed upon for the annual cycle of plankton and for the functioning of the pelagic ecosystem in coastal waters.
A major limitation in depicting annual cycles is the remarkable interannual variability in environmental factors and plankton responses. In addition, inadequate spatial and temporal scales of sampling may fail to record all the phases of an annual cycle, or overestimate the importance of exceptional events or miss them altogether. Multiannual series of data represent a powerful tool for the reliable reconstruction of plankton seasonal cycles and of their driving factors (Conover et al., 1995; Le Fevre-Lehoerff et al., 1995; Sournia and Birrien, 1995; Southward, 1995; Buecher et al., 1997; Mozetić et al., 1998; Licandro and Ibanez, 2000) . In fact, observations repeated over several years allow one to distinguish regular and recurrent patterns from occasional and exceptional events (Goy et al., 1989; Ménard et al., 1994 Ménard et al., , 1997 Shiganova, 1998) . The regularity of the different seasonal stages also represents a key to the understanding of underlying mechanisms, which in turn permits discrimination between local variability from basin-wide signals. In addition, in the long run pluriannual data-sets permit one to trace trends in physical, chemical and biological changes driven by both anthropogenic influence and large scale climatic fluctuations, and constitute the basis for prediction of plankton communities shifts in different hydrographic scenarios (Colijn, 1998 and references therein) .
In this paper, temporal variations of plankton biomass and abundance are analysed together with the underlying abiotic dynamics at a fixed site in a coastal area of the Gulf of Naples (Tyrrhenian Sea, Mediterranean), which has been monitored for 14 years in the period 1984-2000. The main aim is to depict general patterns in the seasonal evolution of phyto-and zooplankton populations by highlighting recurrent features in the annual cycle. A preliminary picture of the interannual variability is also provided, in the attempt to identify the first signals of significant oscillations or shifts in the functioning of the pelagic system.
STUDY AREA
The Gulf of Naples ( Fig. 1) is a SW oriented coastal embayment with an average depth of 170 m over an area of approximately 870 km 2 (5.8 surface/volume ratio). As a Mediterranean site, the region receives 20% more solar irradiance than the flux at a similar latitude in the neighbouring Atlantic Ocean (Bishop and Rossow, 1991) . The littoral area is heavily influenced by the land runoff from a very densely populated region. However, due to the general physiography and bottom topography, the inner shelf area is strongly coupled with the offshore waters of the Tyrrhenian Sea. These features result in the coexistence of two subsystems within the Gulf: a eutrophic coastal zone and an oligotrophic area similar to the offshore Tyrrhenian waters (Carrada et al., 1980) . The location and width of the boundary between the two subsystems are variable over the seasons (Carrada et al., 1981; Marino et al., 1984) and highly dynamic water mass distributions may enhance the exchange between the two subsystems (Casotti et al., 2000) . A high temporal and spatial variability for physical and chemical parameters characterises the inner part of the Gulf off the city of Naples (Ribera d 'Alcalà et al., 1989) . Phytoplankton is dominated by diatoms and phytoflagellates for most of the year (Scotto di , including summer, when surface blooms of small species succeed and overlap each other (Zingone et al., 1990) . Zooplankton assemblages in summer show less variable patterns in both space and time . As compared to larger cells, picoplankton contributes a minor and more stable fraction of the total biomass and production (Modigh et al., 1996) . Sediment trap sampling has revealed high production rates for dinoflagellate cysts from spring to late autumn (Montresor et al., 1998) . The autumn bloom in October-November has been associated with calm and stable weather conditions, known as 'St. Martin's Summer' or 'Indian Summer', which frequently are recorded in that period of the year (Zingone et al., 1995) . Recurrent patterns in the occurrence of several phytoplankton (Zingone and Sarno, 2001) , ciliate (Modigh, 2001) and zooplankton (Mazzocchi and Ribera d'Alcalà, 1995) species have been previously described.
METHODS
The sampling site (st. MC, 40°48.5'N, 14°15'E) is located in the Gulf of Naples (Tyrrhenian Sea) two nautical miles from the coastline, in proximity of the 80 m isobath (Fig. 1) . Sampling is ongoing since January 1984, with one major interruption from August 1991 through February 1995. The frequency was fortnightly until 1991 and weekly from 1995 to date. Here we present data for the period January 1984-December 2000, resulting from a total number of 440 sampling dates. During the 1984-1991 period, and in a few occasions during the following 1995-2000 period, the hydrocast was performed using 5 l Niskin bottles equipped with reversing thermometers. From 1995, CTD and fluorescence profiles were obtained with a SBE911 mounted on a Rosette sampler equipped with Niskin bottles (12 l). For the entire period, sampling depths were 0.5, 2, 5, 10, 20, 30, 40, 50, 60, 70 m for the analysis of the following parameters: salinity, oxygen, nutrients (NO 2 , NO 3 , NH 4 , PO 4 , SiO 4 ). Total chlorophyll a (chl a) concentrations were determined at selected depths (0.5, 2, 5, 10, 20, 40 and 60 m). Phytoplankton samples were taken from the 0.5 m bottle and, for the first two years, at selected additional depths. Nutrient concentrations were analyzed according to Hansen and Grasshoff (1983) with a TECHNICON II autoanalyzer. Chlorophyll a concentrations were determined with a spectrophotometer (Strickland and Parsons, 1972) till 1991, and with a spectrofluorometer (Holm- Hansen et al., 1965; Neveux and Panouse, 1987 ) from 1995 onwards. Phytoplankton samples were fixed with neutralised formaldehyde (0.8-1.6 % final concentration). Cell counts were performed using an inverted microscope after sedimentation of variable volumes of seawater (1-100 ml), depending on cell concentration (Utermöhl, 1958) , on two transects representing ca. 1/30 of the whole bottom area of the sedimentation chamber at 400X magnification. For selected species, the identification was checked with an electron microscope. Cells smaller than 2 µm generally escaped detection, unless very abundant. For carbon content evaluation, linear measurements were taken on phytoplankton cells routinely over one year of sampling and then, occasionally, on selected samples for species that were rare or variable in size. Carbon content was calculated from mean cell biovolumes using the formula introduced by Strathmann (1967) . Ciliates were collected from the 0.5 m Niskin bottles, in 1984 and from September 1996 onwards, with a interruption in the first half of 2000. Although formol causes loss of naked ciliates as compared to Lugol's solution, borate formaldehyde (1.6 % final concentration) was chosen as fixative as it permits the distinction of chloroplasts within the mixotrophic species. Cells from subsamples of variable volume (25-250 ml) were counted over the whole bot- tom of the sedimentation chamber scanned at 340X magnification with an inverted microscope. For biomass calculations, linear dimensions of the ciliate cells were measured in all samples and biovolumes calculated referring to simple geometrical shapes. Ciliate carbon content was calculated using the conversion factor of 0.14 pg C µm -3 , which takes into account cell shrinkage caused by formol fixation (Putt and Stoecker, 1989) . Mesozooplankton samples were collected with two successive vertical hauls from 50 m depth to the surface, using a Nansen net (113 cm mouth diameter, 200 µm mesh size). One fresh sample was utilised for biomass measurements as dry weight (mg m -3 ) according to Lovegrove (1966) . The second sample was immediately preserved with formaldehyde (1.6% final concentration) for specimen identification and counts which were performed with a dissecting microscope. Details for mesozooplankton count methods are reported in Mazzocchi and Ribera d'Alcalà (1995) . Here we present mesozooplankton biomass data for the years 1984-2000, and abundance data only for the period 1984-1990, 1997 and 1998 , the rest of samples being currently under taxonomic investigation.
RESULTS

Seasonal patterns
Abiotic context
The temperature variations in the surface layer of the water column (0-10 m; Fig. 2a ) followed a sinusoidal pattern, with minimum and maximum monthly averages in March and August, respectively. The lowest annual values were recorded in March (14 ± 1°C) and the highest (26 ± 1.5°C) in August. Salinity values for the same layer (Fig. 2b) showed frequent spikes of lower and more rarely higher values, superimposed to a sinusoidal pattern which is similar to that observed at other Mediterranean sites (Dyfamed dataset, available at http://www.obsvlfr.fr/jgofs2/sodyf/home.htm) and temperate regions. Salinity maxima (37.9 ± 0.2 psu) were generally recorded in late September-October and minima (37.4 ± 0.2 psu) in May. Lateral advection of fresher water from the coast frequently determined a decrease in surface salinity resulting in a sharp halocline. The frequency of these events, obtained by singling out all the cases of surface salinity values 0.2 psu lower than those recorded at 10 m on the same dates, was estimated to be 20% of all sampling dates. Excluding those events, the annual cycle of the stratification due to the seasonal cycle of cooling and warming can be represented as the depth of the mixed layer, here defined as the thickness of the layer within which the density anomaly range was ≤ 0.05 kg m -3 . Seasonal stratification started in April and was completely disrupted from December onwards (Fig. 2c) . However, as a consequence of the above-mentioned impact of terrestrial runoff, a pronounced pycnocline was frequently recorded also in winter in an otherwise homogeneous water column. In stratified conditions, low salinity waters floated at the surface thereby enhancing the water column stability and reducing the mixed layer depth. A more detailed view of the described dynamics is shown in the annual cycle of temperature (Fig. 3a, b) and salinity ( Fig. 3c, d ) for 1986 and 1997. The intermittent runoff events are clearly detectable, e.g. throughout spring and early summer 1986. At seasonal scale, the annual cycle of temperature drives the time course of water column stratification.
With the exception of summer, dissolved total inorganic nitrogen (TIN) and silica concentrations were generally higher and more variable in the 0-10 m layers than in the 10-70 m layers (Fig. 4 a, b ), in relation with their terrestrial origin. The lowest values for these nutrients were observed in spring-summer whereas phosphate concentrations did not show a clear seasonal trend (Fig. 4c) . Interannual variability was very high for all nutrients. It is worth noting that the water column was very seldom nutrient depleted, nutrient concentrations being below the detection limit in only 3-7% of samples (according to the different nutrients). This fraction decreased to 1-3% when the depth-integrated values were considered. To obtain a rough estimate of how frequently nutrient concentrations may have controlled phytoplankton stocks, we determined the number of samplings in which each nutrient was below an arbitrary threshold chosen within the range of half-saturation constants reported in the literature (e.g., Romeo and Fisher, 1982; Goldman et al., 2000; Ragueneau et al., 2000;  below the threshold. The fraction of samplings when TIN was below the assigned threshold was ~9 % in the upper layer and ~2% in the 10-70 m layer. In general, nitrogen appeared to be more frequently close to the threshold than silicon and phosphate. In conclusion, in late spring-summer nutrients were occasionally below the saturation values, but they were rarely exhausted.
Autotrophic biomass and species composition
Average surface chl a concentrations ( Fig. 5a ) showed a slight increase in winter, followed by an annual peak in late spring-summer and by a new increase in autumn. The peaks observed in late spring and summer were confined to surface layers and were related to the low salinity waters of terrestrial origin overlying the more salty and dense water column (Fig. 3c, d ). In winter and in autumn the increase in biomass occurred over a deeper mixed layer (down to the bottom and to ~ 40 m, respectively). As a result of the different vertical extension of the blooms, the annual pattern of integrated chl a values (Fig. 5b ) differed from what was observed in surface waters, showing reduced differences among the three annual peaks and between high and low phases. Over the 14 years analysed, the general pattern depicted above for chl a showed recurrent features. However, a high interannual variability was evident in the timing and extent of peaks and minima, which mainly applies to the summer period but also to the winter and autumn increases (Fig. 6a, b ). In addition, in several years one or two of the phases of phytoplankton increase were not detected at all.
Phytoplankton abundance in surface waters followed a pattern similar to chl a, but with no appar- ent peak in October (Fig. 7a ). Diatoms and small (average 3.6 µm) phytoflagellates were by far the dominant groups throughout the year. As compared to cell numbers, the carbon content revealed a greater relative importance of dinoflagellates and a smaller contribution of phytoflagellates to total biomass (Fig. 7b) . The winter-early spring bloom populations were dominated by large colonial diatoms including several Chaetoceros species (e.g. C. compressus, C. didymus), Pseudo-nitzschia delicatissima and Thalassionema bacillaris, and by phytoflagellates. From the onset of the stratification throughout the summer, the above-mentioned diatom species were substituted by small-sized ones, often in a non-colonial stage (Skeletonema pseudocostatum, Chaetoceros tenuissimus, C. socialis). Intense phytoflagellate blooms, and an increase in dinoflagellate abundances (unarmoured species <15 µm, Heterocapsa niei, Prorocentrum triestinum) were also recorded in this period of the year. The coccolithophorid Emiliania huxleyi occasionally contributed to summer blooms. In autumn, several spring and summer diatoms showed a second peak (Thalassiosira rotula, Pseudo-nitzschia delicatissima, Cylindrotheca closterium), whereas other species (Skeletonema menzelii, Dactyliosolen phuketensis, Pseudo-nitzschia multistriata, Leptocylindrus minimus) were generally recorded only in this season. Coccolithophorids (Emiliania huxleyi, Calciopappus caudatus) were also relatively more abundant in autumn.
The five most abundant diatom species (Chaetoceros tenuissimus, Skeletonema pseudocostatum, Leptocylindrus danicus, Chaetoceros socialis, Minidiscus comicus) comprised 39.5 ± 5.8% of the total diatom population on a mean annual basis (Fig. 8) . These species at times constituted the bulk of diatom populations in surface waters, where they succeeded and overlapped each other with a relatively regular pattern. A notable interannual variability was evident in the relative abundance of these species in the phytoplankton assemblage, within which other taxa (e.g. Cylindrotheca closterium and other Chaetoceros and Thalassiosira species) were very abundant periodically or occasionally.
Some species (e.g. the diatom Chaetoceros tenuissimus, the coccolithophorid Emiliania huxleyi) showed a wide distribution over the year, whereas several other species generally occurred in restricted periods (3-8 weeks), with a certain regularity over the years. Among these were the dinoflagellate Prorocentrum triestinum (Fig. 9a) , the coccolithophorid Calciopappus caudatus (Fig. 9b) , the diatoms Skeletonema menzelii (Fig. 9c) , Chaetoceros throndsenii and Pseudo-nitzschia multistriata, and the chrysophyte Dinobryon coalescens. The vertical distribution, which was analysed in the first two years and in other studies conducted in the area (Zingone et al., 1990 (Zingone et al., , 1995 and confirmed by one-year HPLC profiles (Mangoni, 1999) , reflected the seasonal cycle and the frequent decoupling of the upper and lower layers at the site. When the water column was homogeneous, diatoms and flagellates (mainly prymnesiophytes and cryptophytes) alternated as the dominant components along the whole water column. During the stratified season, diatoms were dominant in the upper 5-10 m anytime the thin fresher layer reached the station, otherwise flagellates and unicellular cyanobacteria were spread along the whole water column. In both conditions, species composition in surface waters was generally representative of the most productive population, deep-layer populations being either very similar to surface ones or scarcely abundant and light limited.
Zooplankton biomass and species composition
Small (< 30 µm) naked choreotrichs were the most abundant component of the ciliate assemblage at station MC. Sharp fluctuations occurred at a weekly scale, in terms of abundance and biomass, however the interannual variability over the 4 years of observations (1996-2000) was low, the annual average value for biomass ranging between 8.6 and 9.4 µg C l -1 . In surface waters, total ciliate biomass varied between 0.1 and 99.0 µg C l -1 and abundance between 1.9 ·10 2 cells l -1 and 1.1 · 10 5 cells l -1 (the autotrophic Mesodinium rubrum not included). The highest biomass values were generally recorded in late spring though peaks were observed during the whole period of stratification. Very low values of biomass and abundance were recorded in winter (Fig. 10) . Nanociliates (<18 µm Equivalent Spherical Diameter, ESD) contributed, as annual average, ~ 40% to ciliate abundance, but <9% to biomass (Fig. 10b, c) . A major contribution to ciliate biomass was given by larger naked choreotrichs, most of which appeared to be mixotrophic. Tintinnids contribute on average ~10% to ciliate annual abundance. More than eighty tintinnid species have been recorded, but only seven species accounted for 81% of total tintinnid numbers: Tintinnopsis minuta, T. beroidea, Metacylis annulifera, Eutintinnus tubulosus, Helicostomella subulata, Salpingella curta and S. decurtata (in rank order). These species showed a recurrent seasonal pattern of occurrence, with peaks in different periods of the year. Recurrences could also be distinguished for the naked ciliates as for the three mixotrophic genera Laboea, Strombidium and Tontonia (Modigh, 2001) . Laboea strobila reached maximum abundance in early spring, followed by a rich assemblage of several species of Strombidium. Tontonia spp. were abundant from late summer till autumn. The autotrophic Mesodinium rubrum was frequently observed in all seasons and occasionally reached very high abundance (up to 1.6 · 10 5 cells l -1 ). For mesozooplankton, a clear seasonal signal could be identified over the years, with the highest values of biomass and abundance generally recorded in mid spring (April-May) and summer (JulySeptember), and the lowest values in winter (December and January; Fig. 11a cycle of biomass was however quite variable over the years in terms of both amplitude and timing of the maxima (Fig. 12) . Holoplankton dominated in terms of numerical abundance; in particular copepods were the most abundant group, followed by cladocerans and appendicularians (Fig. 11b) . The spring peak was by far dominated by copepods, whereas the summer peak was equally due to copepods and cladocerans. Appendicularians were almost equally distributed throughout the year, but they showed the highest relative contributions from November to March. Meroplankton, mainly represented by larval stages of decapods, gastropods and cirripeds, was more abundant in late winter-early spring, when it contributed up to 10% of total numbers. Copepods showed the lowest abundance in late autumn-winter (December-January) and three periods of numerical increase: in April, in July-August, when the highest peaks (~2000 ind. m -3 ) were generally recorded, and in October (Fig. 11b) . During the annual phase of minimum abundance, copepods were represented by numerous species (up to 120). This late autumn-winter assemblage was characterised by the highest relative abundance of small calanoids (Clausocalanus furcatus, C. paululus, Calocalanus spp.), oithonids (Oithona plumifera and Oithona copepodids), and Oncaea spp. Starting from spring, the major feature of the copepod assemblage was the succession of four numerically dominant species (Fig. 13) : Acartia clausi and Centropages typicus (peaks in June-July), Paracalanus parvus (July-August), and Temora stylifera (September-October). On a mean annual basis, these species (adults and juveniles) comprised 46% (±3.4) of total copepod abundance.
The mean annual cycle for many copepod species reflected a very regular seasonality. For example, species such as Oithona similis (Fig. 14a FIG. 14 -Annual cycle (monthly averaged abundances) of the copepods Oithona similis (a) and Temora stylifera (b) at st. MC in 1984-1990, 1997 and 1998. and Temora stylifera (Fig. 14b) showed a repetitive timing of occurrence despite the interannual variability in their abundance.
Interannual variability
The time series examined is too short to assess long-term (overdecadal) trends, however it was still possible to detect some consistent changes in some of the abiotic and biotic parameters over the years.
As expected for a coastal site, the high variability in the hydrographic parameters was reflected in a significant interannual variability. During the first three years of sampling (1984-86) the lowest salinity spikes due to the coastal runoff were recorded (Fig.  15) . The salinity increased during the following four years, then it slightly decreased again in 1996-1998.
There was no clear trend in the average values for nutrients (Fig. 16a-c) . The variability from one year to the next was very pronounced and it was evident in both the 0-10 and the 10-70 m layers. Lower values in some years of the second part of the series were detected for all nutrients. The decrease in TIN was mostly due to higher frequency of low nitrate concentrations (data not shown). The lack of similarity among the patterns of Si, N and P is also remarkable.
The most striking feature over the observation period was the significant decrease of the autotrophic biomass as revealed by chl a concentrations (Fig.  17) . The annual average of integrated chl a for the whole series was 0. ) in the first years but rarely exceeded 5 mg m -3 in the last six years. Also the frequency of these blooms related to land inputs diminished in recent years. As for the other annual peaks, the decrease of chl a concentrations was more evident in winter as compared to autumn.
In contrast to the chl a trend, phytoplankton cell numbers showed an increase in the second part of the series which is explained by the greater impor- tance of tiny species, as shown by the decreasing value of the average cell size (ESD; Fig. 18 ) and by a less marked increase of the carbon content (data not shown). In fact, intense blooms of very small diatoms (e.g. Skeletonema menzelii, Minidiscus comicus, Minutocellus polymorphus), as well as frequent blooms of small coccoids belonging to unidentified algal groups, were more frequently recorded in the last years. Some of these species were not found in the first sampling period, whereas other species, which were commonly found in the first years (e.g. Pseudo-nitzschia subpacifica) have no longer been recorded. The interannual mean of mesozooplankton biomass was 9.5 ± 1.7 mg m -3 dry weight (average of 1984-1991 and 1995-2000) . The mean annual values were slightly higher at the beginning of the series (8.1-12.6 mg m -3 in 1984-91) than in the following years (7.5-10.8 mg m -3 in 1995-2000; Fig.19 ). Overall, the zooplankton biomass showed lower interannual fluctuations as compared to phytoplankton. In the last years, the annual peaks in spring and summer were less separated in time. The long-term analysis of species composition is still in course and we cannot report on possible changes in the community structure yet. However, clear changes can already be outlined in the occurrence of some rare species of the genus Acartia. In the early '90s A. margalefi disappeared, while A. grani and A. longiremis were recorded only since 1998. Other congeners such as A. negligens, which previously occurred only occasionally, showed more regular and representative abundance in the last years.
DISCUSSION
Seasonal phases
The seasonal phases of the annual cycle and the parallel development of phyto-and zooplankton communities occur fairly regularly along the multiannual observations at st. MC. The annual cycle of the autotrophic biomass is characterised by a first growth phase in winter, a second one in late spring- summer and a third one in autumn. The environmental factors driving the development of these three phases, and the associated biological characteristics, are different. The first annual bloom generally occurs in February-March prior to the thermal stratification that is assumed to be the prerequisite for the 'classical' spring bloom of the temperate regions (Gran, 1931; Sverdrup, 1953) . The biomass increase is recorded over the major part or the whole water column, and it is mainly due to chain-forming diatoms, with a minor contribution of small flagellates. This anticipated bloom is very likely made possible by a limited vertical diffusion, despite an isopycnal water column, in conditions of calm and sunny weather (Sverdrup, 1953; Smetacek and Passow, 1990; Platt et al., 1994; Townsend et al., 1994) . In the Mediterranean, a winter phytoplankton bloom appears to be quite widespread, due to recurrent periods of calm weather in the season, generally associated to the expansion of the Siberian high pressure system towards West (Duarte et al., 1999) . Indeed, the winter bloom has been defined as the unifying feature for phytoplankton in the Mediterranean Sea (Travers, 1974; Duarte et al., 1999) , where it has been recorded all along the coasts (e.g. Margalef and Castellví, 1967; Becacos-Kontos, 1968; Lenzi Grillini and Lazzara, 1978; Dowidar, 1984; Mura et al., 1996; Caroppo et al., 1999; Psarra et al., 2000) . Being presumably driven by the above mentioned large-scale meteorological features, it is conceivable that the winter bloom occurs at about the same time at coastal sites over a wider area, although local conditions may detain a precisely synchronised pattern. The same driving mechanism of temporary stabilisation of the isopycnal water column should apply to the offshore waters as well, including the oceanic regions affected by the high pressure system (Townsend et al., 1992) . Indeed, studies conducted at deep-sea stations in the eastern Mediterranean Basin (Gotsis-Skretas et al., 1999; Herut et al., 2000) showed annual chlorophyll a peaks in winter. The actual spatial extension and timing of winter blooms in the open Mediterranean sea is not easily assessable with satellite images, since the colour signal in surface waters could be too low for the remote devices to detect.
In winter, the biomass of consumers is generally at the annual minimum for both ciliates and mesozooplankton at st. MC. In this season the smaller size fraction (e.g. copepod nauplii) that we neglected in the present study may notably contribute to zooplankton numbers and/or biomass as reported for other Mediterranean coastal areas (Fernández de Puelles et al., 1998; Calbet et al., 2001) . Nevertheless, only a slight amount of the phytoplankton biomass might be efficiently grazed in this period, which would enhance its accumulation in the water column. The most abundant crustacean mesozooplankters occurring in winter (belonging to the copepod genera Clausocalanus, Calocalanus, Oithona and Oncaea) have reduced sizes (≤ 1 mm), which probably precludes their grazing on the large diatom colonies making up most of the bloom. Moreover, the omnivorous Clausocalanus (Kleppel et al., 1988) show low feeding rates and reduced daily rations (Mazzocchi and Paffenhöfer, 1998) , while Oithona and Oncaea are reported to preferentially feed on moving preys (Uchima and Hirano, 1988; Svensen and Kiørboe, 2000) and sinking aggregates (Alldredge, 1972; Lampitt et al., 1993; Ohtsuka et al., 1996) , respectively. In addition, the population growth in Oithona, Oncaea and Clausocalanus (C. paululus, C. furcatus) is limited by low egg production rates in relation to their egg-carrying strategy (Kiørboe and Sabatini, 1995; Mazzocchi and Paffenhöfer, 1998) , and it does not show the abrupt numerical increase typical for late-spring copepods. Appendicularians might significantly contribute to the exploitation of the winter phytoplankton bloom, having high filtration rates (Paffenhöfer, 1973 ) on a wide size-spectrum of particles, ranging from picoplankton to large diatoms and dinoflagellates (Deibel, 1998 and references therein) . Field studies have shown contrasting food selection between appendicularians and copepods (Redden, 1994 cited in Deibel, 1998 , which can partially account for what is observed in winter at st. MC, when the two groups show, respectively, the highest and lowest relative abundance in their annual cycle. At this time of the year, a peak in meroplanktonic larvae occurs in the inner Gulf of Naples (Zupo and Mazzocchi, 1998) , which testifies for the enhanced reproduction rate of benthic organisms, in agreement with similar findings in other areas (López et al., 1998) . It has been argued that several benthic organisms have their reproductive season during this anticipated bloom probably in relation with the availability of phytoplankton sinking from the water column (Townsend and Cammen, 1988; Duarte et al., 1999; Calbet et al., 2001) .
In spring (March-April), typical neritic species such as Acartia clausi and Centropages typicus start to increase in abundance. It seems that the few adults of these species found in winter benefit of the early phytoplankton bloom in terms of reproductive performances, since both species have their annual peak of egg production rate in February (Ianora, 1998) . The numerical growth of juveniles and adults is postponed in the season and speeds up in spring, when they can rely on abundant phytoplankton, mainly represented by colonial diatoms, but also on ciliates, which show a considerable biomass increase from April onwards. Accordingly, both Acartia and Centropages show opportunistic feeding habits (Gaudy and Pagano, 1989; Saiz et al., 1992) , being able to switch from herbivory to raptorial feeding on ciliates (Tiselius, 1989; Jonsson and Tiselius, 1990) .
Despite the observed seasonal increase of potential predators, phytoplankton at st. MC often show the annual maximum in late spring-summer. The highest biomass values in this season are prevalently due to the lateral transport of fresher waters with their load of nutrients and biomass from the littoral area, though nutrients along the water column are not exhausted after the first annual bloom. The mechanism of nutrient supply allowing for biomass accumulation in this stage of the annual cycle is therefore different from that typical for the spring bloom in temperate areas, which exploits nutrients remineralised and recirculated over the water column during the winter mixing. It is also different from the mechanism invoked for summer blooms in estuarine areas, where high turbidity and instability in spring would cause a delay of the annual peak to more favourable conditions in summer (Cloern et al., 1996; Longhurst, 1998) .
The lateral advection of enriched waters allows for biomass buildup throughout the summer. In this season, phytoplankton peaks alternate with periods of low values, reflecting the intermittency of nutrient availability from terrestrial sources as well as the incursions of Tyrrhenian open waters into the inner part of the Gulf . In relation to their origin and to the water column structure, late spring and summer blooms are confined to surface layers (Scotto di and show a steep gradient from the northeastern part of the Bay of Naples towards southwest and offshore (Ribera d'Alcalà et al. 1989; Zingone et al., 1990) . A deep chlorophyll maximum has never been recorded at st. MC, nor, in general, in the inner part of the Gulf. Despite a marked thermal stratification, that should select for flagellate species, diatoms generally dominate phytoplankton populations during the peaks.
Summer diatoms are small-sized and prevalently solitary forms, well adapted to maximise buoyancy (Smayda, 1970; Walsby and Reynolds, 1980) . Dinoflagellates show their annual biomass peak in this season and are mainly represented by species <15 µm. In deeper layers, a scarce and light-limited flagellate population is generally found, mainly dominated by prymnesiophytes and other undetermined nanoflagellates (Zingone et al., 1990; Mangoni, 1999) . Similar assemblages are also found during non-peak phases in summer.
Summer blooms at st. MC are characterized by a relatively well diversified community. In other eutrophic coastal Mediterranean sites, e.g. the northern Adriatic Sea (Gilmartin and Revelante, 1980) summer blooms are also frequent, but show a low species diversity (Margalef and Blasco, 1970; Pucher-Pektović and Marasović, 1980) . At st. MC, several diatom species, unidentified nanoflagellates and naked dinoflagellates, alternate or co-occur in this season. The diversity of summer phytoplankton reflects the highly dynamic spatial and temporal conditions in the area (Ribera d 'Alcalà et al., 1997) . This dynamics would keep the system far from the equilibrium (Huston, 1979; Reynolds, 1993; Reynolds et al., 1993) , allowing a quick alternation of different species as well as the overlapping of populations transported to the station from adjacent sites (Zingone et al., 1990) .
The summer mesozooplankton community at St. MC is characterized by the outburst of cladocerans, which extend their dominance throughout the Gulf . The importance of cladocerans in summer is a common feature for the neritic Mediterranean regions (Della Croce and Bettanin, 1965; Thiriot, 1972-73; Christou et al., 1995; Fonda Umani, 1996; Siokou-Frangou, 1996; Calbet et al., 2001) , where these crustaceans rapidly develop because of their parthenogenetic reproduction (Egloff et al., 1997 and references therein) . The peaks of Penilia avirostris observed in July-August very often co-occur with peaks of the small suspension-feeding copepod Paracalanus parvus. Due to their remarkable abundance, these two species can have a notable impact on the phytoplankton community, being able to graze on small diatoms, flagellates (Paffenhöfer and Orcutt, 1986; Turner et al., 1988) and heterotrophic dinoflagellates (Suzuki et al., 1999) .
In autumn (October-November), the last annual growth phase of plankton is recorded, which is in part due to a second peak of the diatom species also present in spring or summer and in part to species typical of the season. The mechanisms underlying the biomass increase in this period are different from those invoked for the classical autumn blooms. These blooms are normally triggered by the enhanced nutrient availability deriving from the erosion of the thermocline, in light conditions still favourable for net growth (e.g. Margalef, 1969) . In the case of the Gulf of Naples, and probably in other coastal regions of the central and southern Mediterranean Sea, the erosion of the thermocline cannot cause a significant increase for vertical fluxes of nutrients because the main nutricline is below the depth reached by the autumn mixing (e.g. Carrada et al., 1980) . As in summer, nutrients supporting the autumn bloom derive from terrestrial sources, which is reflected in a marked coast-offshore gradient for phytoplankton biomass and primary production (Zingone et al., 1995) . Meteorological factors and enhanced circulation, coupled with the deepening of the mixed layer, favour the dispersion of these nutrients, thus allowing phytoplankton growth over larger water masses as compared to summer. Favourable weather conditions known as 'Indian summer' (Kalnicky, 1987) or 'St Martin's summer', are recurrent between October and November and allow for production rates that can equal summer peaks, despite the lower light availability in this season (Zingone et al., 1995) . Therefore, similarly to the winter bloom, the autumn bloom is made possible by large scale meteorological factors and could hence be common to other coastal areas.
In contrast with the declining phase for total mesozooplankton biomass, at this time of the year copepods generally show a slight increase, reaching abundances comparable to those recorded in spring. Assemblages are however distinct, the main species being the calanoids Temora stylifera and Clausocalanus furcatus and the cyclopoid Oithona plumifera. T. stylifera regularly shows its annual peak in this season at basin scale in the Western Mediterranean (Dauby, 1980; Gaudy, 1972; Licandro and Ibanez, 2000; Calbet et al., 2001) and in the Adriatic Sea (Cataletto et al., 1995) , whereas C. furcatus and O. plumifera are reported to dominate in this season also in the open waters of oligotrophic basins such as the Eastern Mediterranean (SiokouFrangou et al., 1997) . The above-mentioned copepod species display a very different swimming and feeding behaviour (Paffenhöfer, 1998; Mazzocchi and Paffenhöfer, 1999; Paffenhöfer and Mazzocchi, 2002) , which allow them to exploit the large variety of food resources made available by the phytoplankton bloom and the ciliate peak. Therefore, the autotrophic biomass accumulation in this period cannot be explained by a reduced grazing pressure, as hypothesized for other areas (Smayda, 1957; Cushing, 1975) .
The seasonal dynamics of the planktonic communities depicted above can hardly be defined a classical succession (Smayda, 1980) . In fact, the nature of the sampling site with the observed alternation of distinct water masses of either terrestrial or offshore origin does not allow for the typical development of phytoplankton communities from the pioneer early stages towards a mature phase. Especially in summer, the succession is repeatedly set back to its early stages by nutrient inputs of terrestrial origin. The system is probably prevented from evolving towards the stage dominated by red-tide dinoflagellates (Margalef, 1978 (Margalef, , 1997 Reynolds and Smayda, 1998) by the frequent disturbance induced by lateral advection of inshore or offshore waters.
The phases of the seasonal development of phytoplankton populations differ from the classical schemes, yet the same situations tend to re-occur every year around the same dates. Moreover, a recurrence is shown in the seasonal occurrence of several species, independently from their taxonomic position and known life strategies. This regularity is evident despite the notable interannual differences in the bulk environmental and biological characteristics, and highlights the role of biological processes at the species level. The occurrence of a number of species in selected periods of the year appears constant over several decades. In fact, some species recorded in investigations of more than 60 years ago, such as Skeletonema pseudocostatum (as S. costatum) or some colonial Chaetoceros (Issel, 1934; De Angelis, 1956) , are still collected around the same periods of the year. This applies to some ciliate species as well. In an area very close to the site of st. MC, Issel (1934) found the dominant tintinnid species to be Tintinnopsis beroidea, which formed dense clouds in early spring, similarly to our findings Modigh and Castaldo, 2002) . On the other hand, the other dominant species reported by Issel (1934) are at present rare or extremely rare.
Regularities are even more evident for mesozooplankton as compared to phytoplankton and ciliate populations. The dominant copepod species represent a very consistent feature of the communities throughout the years (Scotto di Mazzocchi and Ribera d'Alcalà, 1995) . Moreover, the recurrences observed in the timing of appearance and succession of congener species, including the rare ones (Mazzocchi and Ribera d'Alcalà, 1995) suggest that for most zooplankton the seasonal cycle of populations is basically triggered by the specific life-history traits and, mainly, the numerical amplitude of the population development seems to be tuned with food availability.
Interannual variability
The main purpose of this paper was to provide an outline of the seasonal cycle based on multiannual observations. At the same time, a first attempt was also made to discern signals against the noise of the interannual variability that could indicate significant trends or oscillations in the dynamics of the pelagic system. The most striking change recorded in our time series is the significant decrease of the autotrophic biomass starting from the third year of sampling. The decline was rather evident in all seasons but particularly from late winter through summer. Zooplankton biomass was also higher in the first years, mainly in relation to higher abundance of Paracalanus parvus populations (Mazzocchi and Ribera d'Alcalà, 1995) . The decline in the second period of sampling was less evident as compared to phytoplankton biomass. Long-term variations were also recorded in other environmental and biological parameters but, as examined at this broad scale, a common pattern of variation is hardly detectable. In fact, some consistent features emerge e.g. in the highest phyto-and zooplankton biomass values in the first two years in correspondence with the highest salinity anomalies and nutrient concentrations. However, the relationships among these variables are much less clear in the second period of sampling, which does not allow for a simple explanation to account for the observed changes over the whole period.
Several hypotheses can be put forward on factors possibly driving the observed changes, which will require more extensive analyses, including also the retrieval of meteorological data and information on nutrient inputs from coastal outlets. The low salinity values recorded in the first period of sampling could be the result of anomalous years in term of either terrestrial runoff or circulation patterns in the Gulf, or both. Remediation strategies and regulation on sewage effluent could also be responsible for changes in nutrient supplies, although not all nutrients followed the same trend in the last five years.
Significant variations over the sampling period were also recorded for phytoplankton cell numbers. Cell numbers increased in the last years despite the observed chl a decline, but resulted in a lower carbon content due to the increased importance of small-sized cells. The augmented importance of small cells, along with a higher percentage of nanoflagellates and, possibly, of heterotrophic species, suggest that changes may be taking place in the trophic conditions of the system with increment in regenerated production and an increase of the relative importance of the microbial loop.
The long-term patterns of rare copepod species suggest that subtle changes are occurring in the area. Some of the signals that are observed at our fixed station apparently occur at larger basin scale. This seems to be the case for the absence in the last years of Acartia margalefi, that has disappeared also from coastal lakes in the Lazio Region (Tyrrhenian Sea; R. Coen, pers. comm.) and in the Venice Lagoon, where it has been replaced by A. tonsa (Comaschi et al., 1999 (Comaschi et al., -2000 . The changes observed in the planktonic system in the Gulf of Naples could hence represent a symptom of changes occurring at a much wider spatial scale rather than the response to local forcings.
CONCLUDING REMARKS
The analysis of the multi-annual series of data allowed the reconstruction of a consistent picture of the seasonal cycle of plankton for the area considered, which would not have been possible with information based on just one or a few years. Furthermore it also permitted the detection of its main features. A few of them refine and integrate some of the generalizations based on other data sets.
In particular, our data confirmed that the magnitude of phytoplankton and zooplankton peaks and their timing may vary from year to year but the different phases of the annual cycle are recognizable with a high degree of reliability. At our site, three different growth phases are discernable in the seasonal cycle, and two of them depend on the interplay between large scale forcing and local terrestrial impact. The winter and autumn blooms are very likely related to large-scale meteorological events and hence represent the local expression of basinwide signals, whereas late spring-summer blooms are local phenomena, being driven by lateral advec-tion of nutrients and biomass from coastward sites. These results support the relevance of time series of data, even in coastal regions, to detect regularities and trends that reflect large scale processes.
The choice of a single sampling station and of the fortnight-weekly sampling scale reflects the eternal compromise between resources and needs. Nevertheless, the recurrence of seasonal events over the years and their correspondence with the abiotic dynamics are clearly detectable. A remarkable feature is the regularity in the succession within all the compartments of plankton. There are some subtleties involved here. The abundance and timing of occurrence of each species might change from year to year, and some species also apparently disappear in the years. However, the pattern of occurrence of several phyto-and zooplankton species is highly predictable, notwithstanding the marked interannual variability of the abiotic context. Therefore, the different phases of the seasonal cycle are more safely resolved based on species occurrence as compared to bulk properties. It would then be hard to assume that such behaviour is due to a Markovian process. Indeed, organisms display a long lasting biological 'memory'.
Our data suggest that resource availability, as determined by instantaneous values of state variables, may explain only part of the temporal variance of plankton. As an example, the evident decrease in autotrophic biomass over the last years is not easily accounted for by either a consistent decrease in nutrient availability or an increase in grazing pressure by zooplankton. The Gulf of Naples, as typical for coastal sites, has highly variable nutrient concentrations and is seldom nutrientdepleted. In addition, mesozooplankton seems to be poorly affected by the decrease of its food resource. This may suggest that some mechanisms of the carbon transfer in coastal regions are still elusive. On the other hand, changes in physical factors, leading to a change in the water column structure and/or in the residence times of water bodies in the Gulf, might have a significant role in the observed interannual variations.
The regularity in the occurrence of species against the quantitative interannual variability suggests that biological rhythms regulate the temporal dynamics of the communities, whereas the abiotic forcing modulates the amplitude of the growth phases. This stresses the need for studying the biological variability at the organism level, taking into account the functional morphology and the life strategies of the single species. Further analyses are in progress on the same data-set, which is continuously incremented by on-going sampling. Complementary studies, e.g. on remote sensing data and variability at small temporal scales, along with laboratory experiments on life-cycles, ecology and behaviour of individual species, are also underway to improve the understanding of the biological signals we tracked at our study site.
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